High-dose hook effect in an immunoluminometric thyrotropin assay: the open-faced sandwich artefact
A A Killeen, Mary L Ramey and Joy J Dean From.the Clinical Chemistry Section, Department ofLaboratory Medicine and Pathology, University of Minnesota, Box 198 UMHC, 420 Delaware Street SE, Minneapolis MN 55445, USA Additional key phrases: immunoassay; hypothyroidism When the concentration of analyte in a sample is measured by a two-site immunometric 'sandwich' assay, a paradoxical fall in the measured value can appear at greatly elevated concentrations of analyte-the 'hook effect'. While hook effects are well recognized in immunometric assays for tumour markers, the effect is less commonly observed in samples for hormone assay, and is very infrequent in immunometric thyrotropin (TSH) assays, although a hook effect has been reported in a twostep immunoradiometric TSH assay. I We recently observed a case of extreme hyperthyrotropinaemia causing a hook effect in a single-step immunoluminometric TSH assay in a sample from a 19-year-old female patient with cystinosis complicated by hypothyroidism and chronic renal failure, and known to be noncompliant with her prescribed thyroxine replacement therapy. The patient had been admitted for treatment of bacterial peritonitis, a recurring complication of her chronic, continual peritoneal dialysis (CCPD) treatment.
Results of thyroid testing in this patient were as follows (reference ranges in parentheses): total thyroxine (T4) 18' 0 nmollL (64' 5-141 . 9 nmollL), thyroid hormone binding ratio 0·72 (0'85-1'15), free T4 index 12'9 nmollL (64·5-141·9nmoIlL). Serum TSH was assayed by the Nichols Institute TSH-Third Generation chemiluminescent assay (Nichols Institute, San Juan Capistrano, CA, USA), a one-step immunoluminometric procedure. The method involves simultaneous incubation of the sample with a polystyrene bead coated with mouse monoclonal antibody to TSH, and unbound, acridiniumconjugated, goat polyclonal antibody to TSH. During incubation sandwiches are formed Correspondence: Dr A A Killeen. between the solid-phase mouse antibody and the labelled goat antibody by sample TSH molecules, following which the reaction solution is aspirated and the bead is washed to remove unbound labelled antibody. Subsequent activation of the acridinium conjugate results in chemiluminescence, which was measured on a Berthold luminometer model LB952 T/16 (Berthold Analytical Instruments Inc, Nashua, NH, USA).
Assay of the patient's serum in duplicate indicated TSH concentrations of 46· 7 and 36'8 mUlL (reference range 0,4-4,5 mUlL), concentrations lower than the highest calibration standard (50 mUlL). Because of the duplicate imprecision, the sample was diluted and reassayed. This revealed a high-dose hook effect and a TSH concentration of 2532 mUlL, the highest value we have seen in this laboratory (Table I , one-step).
The assay was modified to a two-step immunometric assay by incubating the bead with 200 ILL of patient serum and 100 ILL of 0·04 M phosphate buffer, pH 7· 4, for 90 min at room temperature, washing the bead as usual, then adding 100 ILL of labelled antibody and 200 ILL of phosphate buffer and incubating for I h at room temperature. The final wash and activation of acridinium ester were as usual. Standards and controls were also run in this manner. As shown in Table I (two-step), the hook-effect was not seen with this two-step modification. The sample was also analysed using a single-antibody RIA (Equate TSH, Binax, South Portland, ME, USA) giving a TSH result of 2268 mUlL.
Several factors contributing to the hook effect in one-and two-step immunometric assays have been identified. In two-step immunometric assays these include heterogeneity of the immobilized antibody, inadequate washing between the two steps, and inadequate complexing of the labelled antibody to the immobilized antigen.s-' A hook effect may be seen in a one-step immunometric assay in a situation of antigen excess." When antigen is present at extremely high concentration (as in this case) the binding sites of both the bound and detection antibodies may be occupied independently by TSH molecules with greatly reduced sandwich formation. When the bead is washed, acridinium-labelled antibodies complexed to un-immobilized TSH are removed, resulting in low chemiluminescence. Dilution of the sample allows more sandwiches to form because fewer labelled antibodies form futile complexes with un-immobilized TSH, and the chemiluminescence increases until the TSH concentration becomes limiting at high dilutions.
We suggest the term 'open-faced sandwich' to describe this artefact in one-step two-site immunometric assays. The most troubling aspect of the high-dose hook effect in this case was that the results initially fell below the highest standard and in the reportable range. We suspected an analytical anomaly because of the discrepant duplicate values at first obtained which are outside our limits for acceptable duplicate assays. However, repeat analysis of the undiluted sample gave results which fell within the acceptable limits for duplicates, and the mean value would have been reported.
We do not recommend routinely running samples neat and diluted for single-step immunometric TSH measurements, as has been advocated for certain tumour markers.' because extremely high TSH concentrations are very Ann Clin Biochem 1993: 30 uncommon. While we occasionally have samples with TSH concentrations over 1000 mUlL they usually give results above the highest calibration standard. To our knowledge, this is the first sample we have analysed with a hook effect sufficient to give a result below the highest standard.
CONCLUSION
Clinical biochemists should be aware of the potential existence of a high-dose hook effect in one-step immunometric TSH assays.
